SYNOPSIS Two patients with phaeochromocytoma having atypical biochemical features are described. Total catecholamine excretion was normal in one and only slightly raised in the other; both had a diagnostic rise in output of metadrenaline and 4-hydroxy-3-methoxymandelic acid whilst 4-hydroxy-3-methoxyphenylglycol excretion was increased in one of them. During hypertensive attacks adrenaline excretion became greater than that of noradrenaline. The diagnostic usefulness of separate adrenaline and noradrenaline estimations in addition to catecholamine metabolite assay is discussed. A lack of relationship between tumour catecholamine content and urinary catecholamine output is emphasized.
was noted at all times. Crout et al. (1961) reported the converse, an increase in catecholamine excretion with a normal output of metabolites; others (Kelleher and Walters, 1961;  Robinson, 1963; Kelleher et al., 1964) have subsequently indicated
Received for publication 28 April 1966. that the catecholamines and their various metabolites need not be uniformly elevated in urine from affected patients but that the metadrenalines often show the greatest proportional rise. No patient with phaeochromocytoma has so far been recorded in whom all tests have been normal.
The value of a further diagnostic aid, the differential estimation of adrenaline and noradrenaline, was stressed by Hunter, Marshall, and Oram (1963) . This procedure is particularly useful when the excretion of total catecholamines is normal or only marginally raised. The two cases presented here fall into such a category. They illustrate the value of the separate determination of adrenaline and noradrenaline and the estimation of a wide range of metabolites when it is not possible to make a diagnosis by total catecholamine assay alone.
METHODS
URINE Twenty-four-hour urine specimens were collected over 10 ml. ION-HCl.
DETERMINATION OF TOTAL URINARY CATECHOLAMINES
Catecholamines were extracted from 200 ml. aliquots of urine using the method of Euler and Hellner (1951) . Total catecholamines were assayed using the blood pressure response of the anaesthetised rat (Crawford and 482 Outschoorn, 1951; Hamilton et al., 1953; Peart, 1955) and calculated by comparison with noradrenaline (Levophed, 1-noradrenaline bitartrate, Bayer Products Ltd.,) as a standard. The mean recovery of added noradrenaline was 75-85 % and the normal adult range was equivalent to 15-100 jig. noradrenaline per 24 hours. DIFFERENTIAL DETERMINATION OF ADRENALINE AND NOR-ADRENALINE IN URINE After determining the relative pressor potencies of adrenaline and noradrenaline, the assay rat was given 1 mg. dihydroergotamine (Sandoz) intravenously (Hamilton et al., 1953) ; this abolished the response to noradrenaline and permitted an estimation of 'adrenaline' by assaying the depressor responses then obtained with the urinary extract against standard adrenaline (1-adrenaline tartrate, May and Baker, Ltd.) The noradrenaline content was then calculated by difference, allowing for the differing pressor potencies of adrenaline and noradrenaline. The range in five normal subjects and seven patients with essential hypertension was: adrenaline 3-50 ug./24 hr.; noradrenaline 10-70 Mg./24 hr. (J. J. Brown, unpublished data).
DETERMINATION OF NORADRENALINE AND ADRENALINE
IN TUMOUR TISSUE An extract prepared by grinding a small piece of tumour tissue with a little silver sand and 0-1 N-HCl (10 ml./g. wet weight) was estimated by the method for urinary catecholamines.
DETERMINATION OF URINARY CATECHOLAMINE METABOLITES
The concentration of V.M.A. was estimated by the method of Sandler and Ruthven (1959 a, b) (normal range 4 0-8-2 mg./24 hr.) for case 1 and by that of Pisano, Crout, and Abraham (1962) (normal range 1-8-7-1 mg./24 hr.) for case 2. Total metadrenalines (normal range 0 3-0-8 mg./24 hr.) and 4-hydroxy-3-methoxyphenylglycol (H.M.P.G.) (normal range 1-9-5-2 mg./24 hr.) were estimated by the procedure of Ruthven and Sandler (1965 In spite of symptoms associated with excess circulating pressor amines the daily catecholamine excretion was normal (Table) . This finding led us to estimate noradrenaline and adrenaline in urine samples collected in two consecutive three-hour periods, during the first of which a spontaneous attack occurred. The total output of free amines was again not high (Table) In contrast to the amines themselves, the excretion of catecholamine metabolites was unequivocally increased. The output of V.M.A. and total H.M.P.G. output were about twice normal, whereas the total metadrenaline excretion was at least five times the normal mean (Table) . The output of all fell to normal after the removal of the tumour (Table) For two and a half years the patient had noticed attacks of tremor and weakness, particularly affecting the lower limbs, severe occipital headache and nausea without vomiting. During some attacks she had observed a slowing of the pulse rate to 60 per min. and blurring of near vision. Seven severe attacks each lasting approximately one hour had occurred, but in addition less pronounced symptoms of a similar nature developed two or three times a week. The patient's brother had a phaeochromocytoma removed from the right adrenal in 1949 (case 2, Hamilton et al., 1953) and from the left adrenal in 1962 (Brown, Litchfield, and Wright, 1966) .
Examination She was a rather thin, very alert woman whose blood pressure was 145/90 mm. Hg and pulse rate regular at 70 per min. A 1 cm., and probably cystic, swelling was present in the right upper lobe of the thyroid gland. Despite the familial history of phaeochromocytoma, this swelling was not considered to be a medullary cell carcinoma (c.f. Williams, 1965 The total pressor activity (expressed in terms of noradrenaline) in urine collected during a 24-hr. period free from attacks barely exceeded the upper limit of normal (100 ,ug.). However, when the amines were assayed separately, the total excretion was raised; futhermore the ratio of adrenaline to noradrenaline was high both in the 24-hour urine sample and in the urine collected across the histamine-provoked attack (Table) .
Output of V.M.A. and metadrenaline was diagnostically raised, similarly to case 1, although total H.M.P.G. excretion was within normal limits (Table) .
Operation A phaeochromocytoma was removed from the left adrenal gland, to which it was attached by a thin ridge of tissue, by Mr. A. Dickson Wright on 9 March 1962. The tumour weighed 30 g. and contained 50 ug. adrenaline and 20 ,ug. noradrenaline per gram wet weight. The operative and post-operative courses were uneventful and the symptoms have not recurred.
DISCUSSION
The two patients presented here did not have any marked increase in catecholamine excretion, in contrast to the usual finding in phaeochromocytoma. Of the few similar cases reported, that of Litchfield and Peart (1956) , like case 1, had a normal catecholamine output even during paroxysmal attacks. Metabolic degradation pathways for the catecholamines were largely unknown in 1956; had tests been available, it is possible that an increased metabolite output would have been detected in this patient. Similar cases with a normal or near normal excretion of catecholamines have since been shown to have a raised output of V.M.A. (Gitlow, Mendlowitz, Khassis, Cohen, and Sha, 1960; Jacobs, Sobel, and Henry, 1961) or metadrenalines (Gjessing and Hjermann, 1964) . Crout et al. (1961) considered the level of urinary catecholamines to be the most reliable single diagnostic index ofphaeochromocytoma, but there is a considerable body of evidence (Kelleher et al., 1964; Gjessing and Hjermann, 1964; Sandler and Ruthven, 1966) , supported by the present findings, to suggest that output of total metadrenalines is at least as useful a guide as catecholamine excretion in the detection of phaeochromocytoma.
Although extra-adrenal phaeochromocytomas often are pure noradrenaline secretors, the more common adrenal tumours (Hermann and Mornex, 1964) tend to secrete a mixture of amines. In these, the differential determination of adrenaline and noradrenaline is superior to the assay of total catecholamines alone as a diagnostic tool (Hunter et al., 1963) . In the normal subject, the excretion of noradrenaline is usually considerably greater than that of adrenaline, although Hunter et al. (1963) observed noteworthy day-to-day fluctuations. The marked preponderance of adrenaline over noradrenaline excretion during attacks in cases 1 and 2 was sufficiently unusual to support the clinical diagnosis, despite the low total pressor amine excretion. This increase in adrenaline output is in agreement with the urinary pattern of catecholamine excretion arising from a tumour located within (case 1) the adrenal or adjacent (case 2) to it (Crout and Sjoerdsma, 1960) .
Although the tumours in each of our patients were of approximately the same size, the concentration of adrenaline in that of case 1 was about 400 times greater than that of case 2; nevertheless, the daily urinary output of adrenaline in the former was less than in the latter. A similar lack of correlation was noted by Bollmann et al. (1960) . The high tumour catecholamine level, particularly in case 1, and the appreciable increase in output of metabolites in contrast to the low excretion of pressor amines, suggest that significant amounts of amine may have been metabolized in the tumour tissue itself. Both catechol 0-methyltransferase and monoamine oxidase, which are largely responsible for inactivation (Axelrod, 1963) , have been identified in phaeochromocytoma tissue by Sjoerdsma, Leeper, Terry, and Udenfriend (1959) .
In studies on the turnover and metabolism of catecholamines in patients with phaeochromocytoma, Crout and Sjoerdsma (1964) obtained evidence to suggest that small tumours (less than 50 g.) have a rapid rate of turnover and tend to secrete a relatively pure infusion of amine into the host. On the other hand larger tumours, with a lower turnover, tend to put out a greater proportion of metabolites. These observations would seem to be at variance with the findings reported here. However, Crout and Sjoerdsma point out that the difference between tumour size and catecholamine excretion probably relates to type rather than size of tumour, since the slow secretor may escape detection more easily in the early stages of its growth. The two tumours in the present cases would presumably have grown larger had they been left in situ; it is reasonable to suppose that their catecholamine excretion would then have risen sufficiently to produce abnormal levels in the urine. Leather, Shaw, Cates, and Walker (1962) (Pisano, 1960, or preferably, Ruthven and Sandler, 1965) ; (5) if no firm answer is arrived at (that is, if the total metradrenaline excretion lies between 0-8 and 1 5 mg./24 hr.), carry out differential catecholamine assay.
